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Introduction

Previous investi;':'Ttion!? on t'e use of crrlx-n f-,io::ir'e in the stoTpre

rnrl trrnsportation of s^eet cherries i^irve loeen re'jorted in XJ. S. Teclmicrl
Bulletin 6'^1, E. T. & S. Office ?Leports I'o. 25 .--nd To, .'1, rnd in the Fro-

ceecUn^s of the A-ericrn Societ- for Horticul turpi Science, Vol.. "7, 13.'^:9.

The reports on the use of i:;?? trertnerts in transit pre" concernec" entire!;'.

th the .-"ovenent of s''"eet cherries hj frei.':ht fron the Torth'-'est to eastern
nnr'iets. Since the nove-^ent of Crlifornip cherries to nrri-et is verv Iprgel^-

1)7 vpil''-'cy express, oti.estions hp—e arisen a? to the" usefulness anr' practic-
ahilit-^ of cproon diorci'fe as an a'''".junct to refri • erj-tion in er":)ress shijnonts.

Che present investifjation ^^as plannec' to secare infor^^ation on the
foiro^*'in.' points: (l) Gas retentiveness of ejipress r efri " erator cars, (?)

Effect of er.press train sp-oed upon pa intenance of CCb concentrations, (-3)

Possible oenefits to the fruit of CC^ during the relptivel;.- short transit
period of express shior^ents and (4) The effects of CC2 concentrations in cars
upon tne c'evelopr-ent of fruit rots, particulprl;- hro'^n rot ( Sclerotinia
fructicola anc' _S. lar.a )

.

Outline of Tests

The principal shippin-' po:nts for s^^eet cherries in California, are
Stockton in the up-^er San Joaqi-.in Valle" and Santa Clara in the Santa, Clara

Valle7. Since roving conditions "nd hancUinr nethods differ consideraol:'

in the t'-'o districts, several shi;r)in.' tests "-'ere nade from each point.

~ach ship'-iin.; test consisted of t-'7o cars,- 00th loaded the ^r^e da"

under as nearl" conparaole concitions as pos'ihle. - Both cars '"'eh''e shipped
*to' iTe^-' Torh and sold on the .auction the sa-he nornin,-;:'. An attenpt 'tps "iade

to secure t^^o co~"parahle express cars' of the 'sa;ie series for the test siip-

nents althou'h this ras not sI'-'pts possilsle.- In every case the cars '-'hich ap-

peared to be in the best conc'ition '"ith rerard t'o' inside •'•'alls, doors rnd :.

hatch oil-, s '"-ere selected- fron those available.

SoMe U-navoicVol e variation ^-as encountered bet^'^een test loads in pre-

coolin- te'-iperatures, si^e of load and refri--eration in tr;^nsit. Ziese cVta
are s-.o""n in the loading and transit tenperature recorcs : nc allo^-ance can ,be-

nade for the- in interpretr tin- t.:e filial results.

Sach test consi ster"" of one CCp tre-tec" car anr" one chech car, iT'ec-

iatel:/ after loac'inf anc"i bracir' hac be~r co.'-pletec' the CQ3 car '•'as charfec

b"^ placin" aporoxinatel-"- lOOO rounds of ice (50 pound cahes in sealec

double oaper ba"s) in a special crate on the top horizontal oieces of the

br^^ciri- at tre center of the car. The crate '-as constrx-.ctec an:- "^lac?',' in

the br.-cir' in such a manner as to holr the '-'r-' ice at least 0 to 8 inches

a''a" fron the nearest fruit pac''"a'es. /cter tlie car coors ^-'ere closed dr:/

ice --cS adfec" to each bim':er in .-"lounts var-in" fron TO to 90 pov.nds anr

brohen up on top of the rater ice.

A cop:o?r tube '-as placed in each COo car so that sa:-ples of t.ie ?t-

"lOsphere coi-;J.c'' be '-ithdra-n for anal'-sis. The point of sar-.plDn.: '':-s about
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twelve inches l)ack in the doorway stack and about twelve inches above the

floor racksi

Loading data, fruit temperatures, precooling methods and the quajitity

of dry ice used are shown in Tables 1 and 2.

fable 1. Shipping tests - Stockton, Calif, to New York - Car precooled vrith

bunker fansi

Table 2. Shipping tests - Santa Clara, Calif. to New York - Jruit precooled
in storage.

Test boxes

In order to evaluate more accurately the effect of COg on fruit color,

condition, and the development of decay, comparable test boxes of fruit were

placed in the top layer doorway stack of each of the two test cars in each
shipment. Fruit for these test boxes was selected and packed in the orchard.

Where possible, two maturities of the same variety were selected from the

orchard as the finiit was brought in by the pickers. The fruit was selected

on the basis of color, being divided into "reds" and "darks". 5)he "reds"

varied from light red to pie-cherry red while the "darks" ranged from dark, red
to dark mahogany, No whitish or pink fruit was included among the "reds"

and no black fruit was used in the "darks". Black Tartarians were used for

test fruit in the early season shipping tests and Bings in the later tests.

Soluble solids of the test fruit as determined by. a Zeiss hand refractometer
averaged 16,2 percent for the dark Tartarians and 13.2 percent for the red
Tartarians while the dark and red Sings averaged 22.1 percent and 16,5 per-
cent respectively.

.One box of each maturity for each car was packed with the standard
double-face pack in Campbell lugs, Fruit sufficient to pack another box of
each maturity for each car was then inoculated by shaking the fruit on emery
paper and dusting with brown rot spores ( Sclerotinia fyucticola and S, laxa )

.

The inoculated fruit was then loose-packed in Campbell lugs and placed in the
test cars.

. Test boxes for the shipments from Santa Clara were prepared the day
previaus to loading and stored at 32^ F. immediately after packing since the
commercial lots of fruit were handled in this mainner. The test boxes for
shipments originating in Stockton were prepared before noon on the day of
loading, and placed in the car warm in the early evening according to com-
mercial practice. The load was then precooled from 15 to 22 hours in the
car by means of fans at the upper bunker openings.
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Holding tests

As a part of the study to determine the effect of carbon dioxide upon

the development of larown rot and general market condition, comparable samples

of fruit were held in air and in carbon dioxide atmospheres at 42° in the Uni-

versity Parm cold storage at Davis,

The holding tests included both Black Tartarian and Bing varieties.

All fruit was carefully selected for uniformity of color, each test usualljF^

including the two maturities of fruit used in the shipping tests. The cher-
ries vrere face-and-fill packed in lugs and were comparable in every other
respect to commercial shipments and to the test boxes which were actually
shipped.

The fruit was examined for color and firmness at the time of packing
and then placed in atmospheres of normal air and in carbon dioxide and held
at 42° for ten days. Upon removal from storage, additional observarions were

made and the percentage of decay in each sample of fruit was recorded. A
similar observation and a second count of decay was "again made two days latter.

The fruit held in carbon dioxide atmospheres was placed in air-tight
cabinets and the gas concentration used was derived from dry ice. During the
first day of holding the concentration of COg ranged from a minimum of lO^o in

one test to a maximm of 23^ in another,. Each day the cabinets were ventilated
slightly so that at the end of the ten-day period the carbon dioxide concentra-
tion had been reduced to between 4^ and 7^i. This procedure was carried out to

simulate the conditions which normally might be expected. in refrigerator cars
during shipment to Eastern markets. .. ...

Before storing the fruit, portions of each sample were dusted with
spores of ^, fructicola . It was found, however, that this inocula.tion failed
to produce any more infections than were shown by fruit which was not arti-
ficially inoculated.

Transit temperatures
. , .

A-recording thermometer was placed in each car immediately after loading
in order to obtain a record of the air temperature during precooling and in
transit. In each car the thermograph was placed on the side wall of the car
about 8 inches back of the doorway and a few inches above the top layer of
the load. By this means, a record of the air temperature in transit was ob-
tained at one of the wannest points.

Results

Carbon dioxide concentrations

Carbon dioxide concentrations obtained at shipping point and at arrival
in Hew York are shown in Table 3.
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Tatle 3, Cartion dioxide concentration in test cars.

It was not always possible to secure readings over a long enough period
to determine the peak concentration. The data indicate, however, that the

highest concentration was olDtained 4 to 5 hours after charging and was main-
tained at least through seven hours after charging. Maximum concentrations
five hours after charging ranged from 20 to 24 percent in the three cars
checked. Samples obtained from two- of the cars in Chicago indicated that

leakage from the cars was -greater than the COg output from the dry ice within
the_ car as th.e concentration had dropped to 10 percent and 7.5 percent respec-

tively after approximately 80 hours. Concentrations foiind in New York before

the cars were opened ranged from 6 to 8.2 percent and from 150 to 250 pounds
of dry ice remained in the container at the time the cars were unloaded.

Temperatures in transit

Air temperatures during the precooling and transit periods for the two

cars in Test 1 are shown in Figure 1;

Figure 1,. Temi>efatures during precooling and transit. Test 1 - Stockton to

New York

The curves show that precooli-ng temperatures were about equal. The

check car- B v/as subjected ;to somewhat longer precooling and was shipped with
3 percent salt compared with 2 percent salt for the CO2 car. The influence
of these factors is reflected in the slightly lower air temperatures during
transit for the check car, '

'.

.
. Air temperatures diifing transit for the two cars in Test 2 are shovm -

in Figure 2,

Figure 2, Temperatures during transit. Test 2 - Santa Clara to New York,

As shown by the temperature curves, there was no significant difference
in air temperatures in the two cars during the transit period..

In Figure 3 are shown the precooling and transit temperatures recorded
in the two cars of Test 3. .

'

Figure 3. Temperatures during precooling and transit. Test 3 - Stockton to

New York.
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While the curves show a somewhat lower air temperature for the COg car

during the preceding period the air temperatures during that part of the

transit period shown for "both cars are again similar. The record for Car B

iB incomplete due to failure of the recording thermometer.

. .. . Temperatures recorded during precooling and transit for Test 4 are

shown in. Figure 4,

Figure 4. Temperatures during precooling and transit. Test 4 - Stockton to

New Tork.

The COg car was precooled to somev/hat lower temperatures than the check
car and this is reflected in significantly lower air temperatures in the for-
mer during transit. The air temperature v;as consistently 6 to 8 degrees lower
in Car A than in Car B throughout the transit period. Since "both cars were
shipped under standard refrigeration with 2 percent salt it is difficult in
the light of the results secured in tests 1, 2, and 3, to explain why the air
temperatures remained so far apart throughout the entire period.

Figure 5 shows the air temperatures foiond in Test 5,

Figure 5. Temperatures during transit. Test 5 - Santa ^lara to New York.

The temperature advantage was again with the COg car although the dif-
ference in temperature during most of the period was only 3 to 4 degrees. It

is possible that the presence of the dry ice in the CO cars affected the air
temperature somewhat at the position where the record was taken (near the top
doorway) .. The recording thermometer was 12 to 16 inches away from the nearest
dry ice and previous experiments indicated that dry ice at the "bracing has
only a minor effect upon temperature at this point. . .

Effects on fruit

•
.
Hecords obtained in New York on the condition of the fruit in test "boxes

placed in the COg and check cars of Test 1 are shown in Table 4.

Table 4. Condition of fruit in test boxes after unloading. Test 1

The first examination of this fruit was made 8 hours after unloading.
As indicated in the footnote to Table 4, the test fruit from the check car was
slightly darker than that from the COg car. No difference was found in the
condition or color of the stems. The detailed inspection including decay counts
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was made 48 hours after the first inspection or 56 hours after unloading. As
shown in the table the' decay was very serious at this time and it was decided
that in subsequent tests the detailed examination should, "be made 36 hours after
unloading.

The results indicated that there was a large amount of decay from nat-
ural infection, mostly brown rot, as the test fruit which was artificially
inoculated generally did not show more decay than the fruit which was packed
just as it came from the orchard. Since there was no consistent difference in

decay as a result of inoculation, the average decay found in the two boxes
of comparable maturity is shown in the table.

The results shown in Table 4 indicate that even after 56 hours the decay
was somewhat less in fruit from the COg car although it was serious in all the

lots. Fruit of the "red" maturity showed only about dne third as much decay
as that of the "dark" maturity after 56 hours at room temperature.

Results of the examination of the fruit in Test 2 are shown in Table 5.

Table 5. Condition of fruit in test boxes after lonloadihg. . Test 2.

As noted in the table no difference in color of fruit or stems was
.discernable 8 hours after mloading. After 36 hours the only difference be-
tween fruit from the COg and check cars was in the amount' of decay. Dark fruit
from the COs car averaged 18.2 percent decay while comparable fruit from the
check car showed 21.8 percent decay. The "red" lots averaged 6.8 and 10.9 per-
cent respectively. All of the decay found was brown rot.

Table 6 shows the results of fruit inspection obtained in Test 3.

Table 6. Condition of fruit in test boxes -after unloading. Test 3.

Only fruit of the "red" maturity was available for this test as. the.
harvest of the Bing variety had just started. Results are shown for the non-
inoculated and the inoculated lots of "red" fruit used. After 8 hours at
room temperature no difference in fruit or stem color was noted between fruit
shipped in the treated and untreated cars. Decay counts made after an addi-
tional day at room temperature showed an average of 1.8 percent decay for both
inoculated and non-inoculated fruit from the COg car whereas comparable lots
from the che<;k car -showed 4.9 percent decay for the non-inoculated fruit. and
8.7 percent decay for the inoculated.

The condition of Bing cherries in the test boxes shipped in Test 4 are

shown in Table 7.
.

:
- - .



Tatle 7. Condition of fruit in test boxes after unloadtng*. I^est 4.

Sight hours after removal from the cars the "darks" from the COg car

were slightly lighter in color than those from the check car and the "red"

fruit was found to "be definitely lighter. No difference was noted in stem

color or condition which could he attributed to the carbon dioxide.

After 36 hours at room temperature the "dark" Bings from the CO2 car

averaged 12.9 percent decay while "darks" from the check car showed 22.1 per-

cent. The "red" lots after the same interval showed 1.1 and 1.9 percent decay

respectively.

In Table 8 are shown the results of fruit examinations obtained in

Test 5.

Table 8. Condition of fruit in test boxes after unloading. Test 5.

This test fruit was obtained when Black Tartarian cherries were being
"cleaned up" in the Santa Clara Valley and the harvest of Bings had not begun.

Consequently only "dark" Tartarians were secured for the test boxes. Results
are shown for both inoculated and non-inoculated fruit.

The results show that faced fruit in the CO2 car was slightly lighter
in color after unloading than comparable fruit from the check car. No dif-
ference in stem color was noted but the inoculated fruit from both cars was
found to have stems so.^ewhat more wilted after 36 hours than the non-inoculated
fruit. This difference was probably due to abrasion of the stems during the
inoculation process.

After 36 hours at room temperatiare , test fruit from the check car showed
two or three times as much decay as that from the COg car. For some unexplain-
able reason the non-inoculated fruit showed significantly more decay than the
inoculated.

Holding tests in California

Results obtained in the holding tests at Davis are shown in Table 11.

Table 11. Hesults of holding tests with Black Tartarian and Bing cherries in

carbon dioxide to simulate transit conditions.



- 8 -

The results secured in these tests with carbon dioxide for the control

of decay closely paralleled those secured in the shipping tests. In most

instances, there was less decay after 10 days in lots of fruit which had "been

held in carbon dioxide atmospheres. After two additional days of holding,
the results were less consistent* ;TDUt decay had increased materially in almost
all lots.

At the concentrations used, the carbon dioxide had no consistent effect
upon color development although in some cases the treated fruit was slightly
lighter than the untreated. It was noted, however, in practically all in-
stances that the fruit held in carbon dioxide was slightly firmer and was of
brighter appearance and seemed to possess more "life" than the samples held
in air.

Sffect on auction price

During the course of these tests there was an opportunity to compare
prices on comparable lots "of "fruit In CO^ and check cars. Certain lots of

fruit packed by growers from their own orchards were divided between the test
cars and sold on the same morning on the Kew York auction. Since the fruit
was entirely comparable at the time of loading it is reasonable to assume that
any difference in price was the result of transit conditions.

Price comparisons on comparable grower lots and row sizes in Tests 3
and 4 are shown in Tables 9 and 10.

Table 9. Auction prices of comparable lots. Shipped 5/21/41, Sold 5/26/41.

Table 10. • Auction prices of comparable lots. Shipped 5/23/41, Sold 5/28/41.

These data show a significant price difference in favor of cherries
shipped under COg. The weighted averages in Table 9 show a difference ranging
from $.20 to $.49 per box for both Sings and Black Tartarians. In Table 10
the weighted averages range from $.10 to $.22 per box higher for the fruit from
the COg car. The fact that the CO2 was placed in the car of shipper A in the
first comparison" and in the car of shipper B in the second comparison eliminated
the possibility that brand reputation was responsible for the difference in the
price

.

Discussion and Summary

The few carbon dioxide concentrations measured during transit indicate
that a maximum concentration of 20 to 24 percent was obtained and that this

was gradually reduced so that concentrations were down to 6 to 8.5 percent
before unloading in New York. Leakage from the cars was so great that the COg

given off by the charge of solid carbon dioxide' at the bracing was not suf-

ficient to maintain opt imujn concentrations throughout the transit period.
From these results and judging from earlier work done in the Pacific Northwest,
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it would seem that California shippers should use at least 1000 to 1100 pounds

of solid carton dioxide in express refrigerator cars to obtain "benefits com-

mensiirate with the added expense of the COg treatment.

Air temperatures at the top doorway position of the test cars usually-

ranged from 40°to 50°F. In two of the tests air temperatures were about the

same in the check and CO2 cars; in one test the check car was colder than the

COg car and in two tests the COg car was the colder.

Fruit in the test hoxes was in some cases lighter in color as a result

of the COg in transit. In other tests no difference in color v/as discsrna'ble.

It is prohahle that during the relatively short transit period of express ship-

ment there was little change in fruit color in either the check or treated

cars. No difference in stem color or freshness as a result of the COg treat-

ment was noted in any of the test shipments.

The amount of decay after 36 hotirs at room temperature following transit

was consistently less in fruit from the CO2 cars than in that from the check

cars. J.'ost of the decay was brown rot which was very prevalent in the Californi<

cherry districts during the present season. The results indicate that the con-

centrations of CO2 obtained had a distinctly inhibiting effect on the develop-

ment of brown rot.

The "red" fruit included in the test cars developed consistently and

significantly less decay th-^n the "dark" fruit. The weather conditions, how-
ever, v/orc very favor-iblG i':T the d'-7nj.opio/3nt of deca;- , ar.'d injury to the fruit
from rain cracking and v/ind brul sxng mfx^.e it very c'j.sceptible to fungal inva-
sion. However, these tests do not indicate that tho! dark fruit could not be
marketed satisfactorily in a season v/iacn weather conditions were more nearly
normal

.

Comparisons of auction prices on grower-packed fruit show that the cher-
ries carried in express refrigjra,\;or cars containing carbon dioxide sold on
the ITew lork market for prj.cos ranging from $.10 to $.49 per box more than
those carried in untreated ca-rs. T'hic is more convincing evidence than the
reduction in decay found in the test fruit and indicates the value of using
solid carbon dioxide in express shipEionts of sv/eet cherries. If refrigerator
cars were available which are more retentive of carbon dioxide, the valuo of
the treatment would be increased and its cost would be less bocauso smaller
quantities of solid carbon dioxide could bo used.
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Table 9. Auction Prices of Comparable Lots
in Test Cars - Shipped from Stockton - 5-/2l/41

Sold New York - 5/26/41

!
i

R3X 362 - Check^—>—
j

PF3 658 - C02
!

!

1

i

Ranch pack '

i

!

i Row Shipper ^
i

Shipper
1

1

1

Grower
j

i

Variety Package
j
Size i- o . boxes

[_ ^

—

T

!

Price j No . boxes

;

Price
j

j

Bing
1

1

Camp.
1

11 2
i

j

2.15
i

1
\

2.55
'

4
I

II II

j

lU 21
1

1.85 9 2.70

II 12 8 i 1.75 2 I

1

2.35

i

i
6 II II 11 1 2.60

i

1
i

2.55

6 II II Hi 25 2.40 21
I

2.70

5 II lli
•

6 2.25 9 \

1

;

2.50

5 II II 12 2.25 33 i

i

2.50

5 I II

1

121 14
i

2.20 8 : 2.40

7
1 Tarts S.J. 12i

i

1

1 1.25 1
i

1.50

1

1

ti II 14
i

7
1

1.25
I

5 ; 1 .50

1

II

1

141 7 1.20 5
;

1.35

1

i

\ u

i

It 15

1

' . ,90 2 i

1

1.25

1

'

1

•

14
1 2
i

X 1 on
1

8 tt
i „ 1^

1

bo . i .40
!

Weighted Averages

f-

!

Total

Aver

.

Price
per box

1

1

i

Total

Aver .
j

Pri rp i

per box i

Campbell Lugs Bings 11 3 2.30 2 ! 2.55 i

1

i

1

II 111
i 52 2.16

1

39 ! 2.65
1

i

[

It 12
i

;
23 2.07 35 1 2.49

1

II 121
i

1^ 2.20 8 ' 2.40
'

San Joaquin Lugs Tarts 13^ i 1
i

1.25 1 ;

i

1.50
1

i

j

II
i

:

14 .1.18 6
;

1.45
i

i
tt 1^

I

63 • .98 73 1.40
1

!

ti

1
15 .90 2 1.25 i



Table 10. .Auction Prices of CpmparalDle Lots in Test Cars
: Shipped from Stockton - 5/23/ 41

Sold" ill New York - 5/28/41 •

!

f -;-
MP - 3208 - CO2 MP _ 3201 - Check

i

Ranch pack E.oii)' Shipper A Shipper B

Grower Variety Size No. "boxes Price No. hoxes

.

Price

1 Bing Camp

.

111 1 2.65 2 2.65

1 n II 12
-

"

"

7

'

2.45 4 2.40

1 II II 12

1

3
2 2.30 2 2.40

1 - ,

2 It 11-1 2 2.75 1 2.40

II II

-

"

. 8 2.65 7 2.40

.
2 II 12i 8 2.50 9 2.35

3 lU2 8 2.80 2.55

4 If 11^ 11 2.80 2.65

4 ti 12 26
^

2.70 18 2.55

5 II 9 3.00 25 2.65

5 11

1

,.

" 12
.
35 2.75 6 2.60

1

i

weighted Averages Total

Aver

.

Price
per "box Total

Aver

.

"Price

per "box

jcamphell Lugs Bings
. 31 2.85 38 2.63

I

1
'

.
.

1

11 12 76 2.70
;

35
1

i

2.51

L
.(

-

-If 1% 10 2.46
1

11
'

2.36


























